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This lnvontion relates to cryptographs and lo an improvement 
bn sod upon tho subject-matter of my prior application Serial No. 688,066, 
filed July 26, 1933. 

In said application .'!«rlol No. 688,096, I disclose a oryptogrepbic 
system and macbaniarr, t ho basic fenture of which la the provision of means 
for aperlodionlfry controlling a Bet of juxtaposed switching or oiphar com- 
mutators giving cryptographically a cascade effect. In that system the 
means referred to involves the use of a cipher-koy transmitter through 
whioh a perforated key- tape Is passed. 

The object of this invention is to control the juxtaposed 
cipher commutators by means of an associated sat of cam wheels of different 
diameters, thus dispensing with the perforated tape referred to above. 

The invention in illustrated in the accompanying drawings, 

In which t 

Fig. 1 la n schematic diagram of the meohaniam, including a 
set of five ceo wheels controlling a corresponding number of electro- 
magnetic, stepping devices for effecting angular displacement of the 
commutator a ( 

Fig. P shows paired circuits corresponding to a 'set of ten 
eem wheels for electrically controlling the five eleotro-megnetio, stepping 
devices of Fig. I, together with switching means for interchanging the 
eleotrieal conditions ant up by the cam wheels; 
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Fig. 3 shows « toll of o tt<? of the cam wheels ( and 

Fig. 4 Is another deteil showing a replaceable cam element and 
'node of assembly with the wheel. 

Referring to r l". I, tVra ere ahosn the following elements which 
are well-known In the ert applicable to modem cryptographs employing 
rotatable cipher conciiit* tore: The numeral 1 generally designates a 

etanderd typewriter keyboard provided with n aet of keys for dosing a 
aet of oontsota corresponding to chnreater elamontu; the numeral 8 
generally designates a bank of recording or indicating devices which may 
take the fora of n sat of mapnoto of a printing maohanlura, or a sat of 
glow lamps to Indicate by illumination of superimposed lettering the 
oheraoter equivalents resulting from operation of the keyboard i the 
numeral 3 generally designates a set of juxtaposed, rotntnble circuit 
changers constructed in the form of switching commutators commonly called 
cipher commutators, mountable upon a common shaft and arranged to rotate 
relative to one another end to fixed end pletes, In order to provide a 
large number of vorlnble paths for the passage of rm aleotrlo current 
representing a message character set up on the keyboerd, the exaot path 
travereed In ecoh instance being determined by the relative rotatory 
positions of the whole set of olpher commutators end end plates at that 
Instant ; numeral 4 generally designates a set of stepping neohanlmaa 
for affeoting angular displacements of the cipher commutators. The 
essence of the present Invention consists in the provision of maana. 
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indicated generally at fl, for controlling thaoa o tapping mechanisms 
through the intermediacy of a aet at peels and ratchets, sad oca wheel* 
associated with the ratchets, the cons opening and closing olroulte for 
operating the eloctro-nuignctioslly oont rolled stepping mechanisms. 

The moat important elements of the cipher commutator control 
ttCWbly 6,.t ere as follows; A set of five cam wheels 6 , 7 , 8, ?, and 
10, ere mounted upon a common shaft ?1 upon which they are individually 
free to rotate, ttigidly fixed to each can wheal are the reopectlte 
ratchets 66, a?, 68, 60, and 70, driven by pawls ?£, 78, 74, 78, and 76 
under the notion of magnets 77, 78, 79, 80, and 81. These magnets era 
SOtustcd by & set of oireults having a common conductor 124, in which 
is Inserted tmlverssl keyboard contaot S4. Each ratchet has a different 
number of teeth.mthe numbers preferably being prime to one another. For 
example, let ratchets «J6, 67, 68, 69, and 70 have 61, 60, 49, 47, end 43 

teeth, respectively. The cam wheels aesooleted with the various ratchets 

■» 

ere Of varying diameters and have their peripheries divided up into 
numbers of segments cor tec ponding with the numbers of teeth on the ratchet 
to whieh each oam wheel la attached; so that, for example, cam wheel 6 
has its periphery divided up into 61 equal segment a, earn wheel 7 has its 
periphery divided up into 80 equnl segments, end so on, The sifiments 
on the various cam wheel a are mode of equal angular length: and, for 
keying purposes, they are numbered so that the set of cam Wheels can 
be aligned to a bench mark according to a prearranged key. The segments 
of each oam wheel are slotted act at SOI, and into these slots are in* 
sorted email slidable pletes. These pistes ere formed with curved or 
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arcuate upper surfaces, so that when inserted in the slot* these curved 
surface* project above the rira of the vheel end funotion a* ones. It 
sill be understood that the other segments have their surface* coinci- 
dent or flush with the perimeter or outer rim surface of the cam wheel. 
The distribution of the said cam pin tee which are to be Inserted In 
seoh osi wheel in relation to tha other sugmwntal surfnoes Constitutes 
one of the elenents of the cipher key to the system. These plates 
together with the remaining segmental elements of tha wheel# control 
contact levers 80, 87, 88, fifl, end 00 r.nd their respective contacts 

;l 87*, 03f , 89* and 90* ; that la, whan a plate with » earn surface 

' ‘ 

is presented to contact lever 86, for example, the cam action corvee to 
close oontaot 86* , otherwise that contact remaine open* Contact levers 
66, 67, 88, 89, and 90 control stepping magnets 11, IE, 13, 14, end IS, 
which jbperat* the stepping mechanisms of the cipher commutators, In a 
aumner presently to be explained* ■: 

With the arrangement of cam wheels nhown in fig. 1, the 
cry ptographia period of the assembly of cipher oonmutntora is squqI to 
the product of the numbers of teeth in tha set of ratchet* 66, 67, 68, 69 
end 70. In this case, with the numbers of teeth being 81, 80, 40, 47, 
and 43 respectively, the period 1# £5S,5S3,960. 

The manner In which the eye tarn as a whole function# will now 
be described;' The first step, of course, is to set the cryptograph to 
the predetermined key* This comprises the following elements? the tori* 
son tel permutation or arrangement of cipher commutators on the shaft! tbs 
rotatory alignment of the commutators, according to a group of letters 
aligned on a bench mark! the exact distribution of the slidable plate# 
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In their relation to the other segmental elements of the oaa wheels! 
the rotatory alignment of the can wheels according to n group of 
characters aligned on e banoh mark! finally, the cryptograph la set 
to the enciphering position, vrhen the key oorrea ponding to "A* Is 
depressed on tho keyboard a ourrent flows from battery 46, along - 
conductors 4?, 48, to closed oontaot 40, conductor 41, contacts 37, 

48, conductor 80, contacts Cl on the loft end plate of the cipher 
commutators, thmco through the commutators, merging at contact 63 
on the right end plat®, conductor 85, eonteota 44, 38, conductor 43, 
to leap or indicating device "T* , conductor 84 back to battery 46* 

Upon release of key "A”, end at the end of the return excursion or beck 
stroke of a universal bar on the keyboard, universal oontaot 34 is 
elosed end e droult Is passed through the set of magnets 77, 78, 79, 

00, and 81, causing the pawls 73, 73, 74, 76, and 76 to act eo that oem 
Wheels 6, 7, 8, 9, and 10 are advanced one step. A single magnet can 
of course be used for this purpose, with mechanical means of affecting 
eaoh pawl. The universal keyboard eontaot circuit lnoludca relay 91 
which controls contact lever 98 and contact 93, which is In the elroult 
controlling magnets U, 18, 13, 14, and IS, so that currant can paaa 
through the latter magnets only at the instant when the universal eontaot 
la closed. ¥?hen the oaa wheels 6, 7, 8, 9, end 10 are edvanoed one step, 
a hew combination of operative end inoperative eontaot levsya 86 to 90 
and of open end closed oonteots 86’, 87', 88 ’ , 89’, end 90V is sat up, 
’and corresponding thereto magnets 11, IS, 13, 14, and 15 are actuated. 
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These control the diaplecc/aent msohanisais associated with the cipher 
O Baw tuto a> and sot up n new path through the oonmutetora for theen— 
olphermsnt of th® next letter. 

To decipher the meoeage, sore* 65 la revolved to eat tho 
•witch plate 94 to the deciphering position. The cipher commutators 
sad the cam ehools swat of course aleo he returned to their initial 
position and arrangement in enciphering. It ie unnecessary to trace 
the deciphering circuits through, since this phase of operation by 
wans of a reversing switch Is well known in the art. 

It would be nnay to provide means, consisting of a simple 
switchboard 100 with n plug and Jock arrangement for connecting con- 
tacts 86* to .90* to magnets 11 to 15 in any one of ISO different per- 
mutations. 

In Pig. I I have shown en assembly of but five com Wheels, 
one for each cipher commute tor. Out it le reedily possible to have 6 
ast of ten cam wheels which can be eleatrlonlly combined into five pairs 
to control the five cipher commutators . This Is shown schematically in 
rtg. JS, in which 11, 18, 10, 14, and 15 era the similarly nnmbered magnets 
of Fig, 1, for controlling the stepping aeohanisma of ths cipher oosnutatora 
Contact laver 66 ia the earns as ths similarly numbered contact lever of 
Pig. 1, except that this lever is now Qaaociated with two oomtaota, a 
lower contact 86', against which it normally rests, end on upper contact 
86* whioh it touohes when a button on the cam wheel is presented to the 
oontaet lever 66. Contact levers 87, 88, 89, end 90 ore of the same form 
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se contact lever R6, and serve similar functions! they are homologous to 
to alallarly numbered levers of fig. 1 end, like contact lever 86 of fig, 8, 
they are each associated with paired contacts. Contact layers 186, 187, 

188, 189, and 190 ere five additional contact levers similar io 86, 07, 

88, 89, and 90{ they are associated with and operated by five additional 
cam wheels, So that there ora now ten cam wheels and ten contact lovers. 

If the numbers of segments on cam wheels 6, 7, 6, 9, end 10 of Fig. 1, ere 
as indicated before, namely, 91, 50, 49, 47, end 43, the numbers of segments 
on the additional five cam wheels may, for example, be 41, 37, 51, 29, and 
£3. The complete period of the whole system of oaa wheels In this oase 
would be 51 x 50 X 49 x 47 x 43 x 41 x 3? x 31 x £9 x 83. 

In Fig* 2, the switohboaTd 800 serves as a meant for 
interconnecting the contnot levers 86, 87, 88, 89, 90, 166, 187, 180, 

189, and 190 in pairs, end by a multitude of different arrangement*, so 
that the five seta of paired contact levers control the five magnets 11, 

12, 15, 14, and 1C by e paired relationship explained below. For example, 
a* interconnected in Fig. £, magnet 11 is controlled Jointly by contaat 
levers 86 and 187 | mnfmat 12 is controlled Jointly by contact levers 188 
and 189| magnet 13, by 90 end 186| magnet 14, by 88 and 190 {magnet 19, 
by 07 and 80. The relay 91 in Fig. 8 is the sen* aa the similarly numbered 
relay in Fig.; 1 end s^rwa the earn© function, namely, to apply potential 
to tbs circuitc controlled by conte ot lovers 86, 87, 88, 89£ 90,. 186,: 187, 
188, 489, 190 .only on the beck stroke of the universal her oh the keyboard. 
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The manner In which a magnet 11 of Fig. S, for example, le 
controlled by Its temporarily associated eontaot levers. In this oast 
80 and 187, le as follow*: Suppose contact lever 86 le at its lover 
position, egainet oontcct 06* , there being at thnt moment on the periphery 
of the first earn wheel a segment which la flush with the rim of the wheel, 
that is, no osm surface le presented to contact lever 86; that at the 
same moment oontaot lever 187 is at Its upper position, against its upper 
oontect 187', there being at thet moment on the periphery of the aavanth 
eon wheel a plate which bears a projecting cam surface, k circuit le ea- 
tabllahed thus: batter/ 33, conductor 186, oontaot lever 98 of relay 

91, which la at that momsnt energized from the keyboard ae explained above, 
oontaot 93, eonduotor 86, oontaot 86*, oontaot lever 86, oonduetor 187, 
flexible eonduotor 188 of awltoHboard 800, oonduetor 189, through magnet 11 

eonduotor ISO, flexible eonduotor 131 of switchboard 800, eonduotor 198, 

> .. ■ ■ i\ •... • •, ■ 

oontaot 18?" against which oontaot laver 187 la now resting, oonduetor 133 
back to bettety 38. Magnet 11 is energized, jt will ba aeon that magnet - 
11 la subject to four oondltlons t 

Jl) Contact lever 66 is making oontaot at 86V when oontaot 
lever 167 in making contact at 187* * No circuit will 
be established through magnet 11, because both levers 
era then connected to the ease side of the battery 39. 

(2j Contact levor 86 le making contact at 86* when oontaot 
lever 187 Is making oontaot at 187" . A circuit will 
be sr tabllahed through magnet 11. 
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Contact lever 66 la making oonteot at 86* whan 
contact lever 18? le making contact at 167* • A 
eirouit will be established through magnet 11* 

Gontoot lever 86 1» making contact et 86* when 
oontaat lever 187 is caking oonteot at 187" . jjo 
oirouit is established through magnet 11, 

The same aet of four conditions applies to magnate IS, 13, 

14, end 16 end their associated oonteot levers end contacts. 

By interchanging the oonneetione established 6t*wl tohboerd 
800 greet variability in alectrlcel effeets of the set of contact levers 
is Afforded for cryptographic keying purposes. 

In Fig. 3 Is shown e detail of one of the o»n wheels, with 
its slots 901, removable plates 90S, end ratchet 80S* the' removable 
plates 808 are provided with springe 804, 308 to hold the plots in plate 
when Inserted in the slot. 

Chongao, aodlficatione and equivalent arrangements are 
contemplated within the scope of the invention as defined by the 
appended claims t 
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I claim j 

1. In a cryptograph, a keyboard comprising character 
•lacwnta and corresponding signaling elements in operative eleotrlcsl 
oonr, action thererlth ; m«nna comprising b apt- of Juxtaposed, rotatable 
commutators for varying the connections botvemt tbn keyboard elements 
and said elgnellng elements ; a ant of cam-bearing rotatable member®] 
means for angularly-displacing said member* upon operation of seid 
keyboard] a set of contact levers and associated oontnete controlled 
by said ecm- bear inf: Members; and means coordinated with aeifl set of 
onra-boaring members to effect pomutativo, atop-wise displacements 
of tho cornu te tore. 

£« In a cryptograph, a keyboard comprising character 
elements end corresponding signaling elements In operative electrical 
connection therewith ; means comprising a set of Juxtaposed, rotat- 
able commutators for varying the connections between the keyboard 
elements nnd said signaling elements ; a set of asm-bearing members t 
means for angularly displacing said .nowhere tpon operation of said 
keyboard] and manna coordinating said cem-benrlng members with the 
commutators to affnet pomutntivn, otopnleo displacements of the 
commutators. 



3. lr. b cryptograph, « keyboard comprising character 
elements and oorreopondirp signaling elemonta electrleelly Intern* lstefli 
therewith ; moans eomprinlnp a eat of Juxtaposed, rotetable commnta tors 
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for varying tbs relation ship between the keyboard elements and said 
signaling olasnpnt* ; o set of osn-benrlng rotatable members; means 
for angularly displacing said members upon o pa ration of said keyboard; 
and a series of coamutator Btopping naohaniana, the cam-bet rleg members 
being jalectrically}e3socl8ted 'Kith the cosmi tutor steppine oeehaniasui 
to effeot pensutetlva, stepwise displacements of the oommtstore. 

4. In a cryptograph, a keyboard comprising oharaoter 
elements end corresponding signaling elements electrically inter* 
Connected therewith { mesne comprising a set of Juxtaposed, rotatable 
c Canute tore for varying the eonneotiono between the keyboard eleven ts 
and said signaling elements { a plurality of sets of oam-boaring rotat- 
able members { means for effecting stepwise angular displacements of 
said oaio-beering atabers with individual depressions of the keys of 
said keyboard f end means coordinating said sets of caja-bearing members 
to effect perautative, stepwise displacements of the commutators. 

5. In a cryptograph, a keyboei-d comprising character 
sleaAnti and corresponding oi^nmlinr ol«n®nta electrically Interconnected 
therewith j neens comprising a eet of Juxtaposed, ro tr table ocaante tors 
for varylng the conneotions between the keyboard elements and said sig- 
naling elements j a plurality of cam-heaving mesfesraj means for effect- 
ing stepwise angulnr displacements of" said cam-bearing Betters with In- 
dividual key operation of said keyboard? « series of oonnatator stepping 
mechanisms each comprising on el eotro-megnet end an associated ratchet 
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and pawl, «aoh ret abet and pewl actuating its esaooifited coramutetor, 
the 8«t of oosrautntor stepping mechanisms being controlled by the 
•eld eem-bearing members associated an a group end coordinated collect- 
ively to effect pormntetiva, stepwise displacements of the eompiuta tors* 

6* A saeohanisia of the character described in claim 5 in which 
the periphery of each caia-be«ring member is divided up into equal- 
Bpaoed segments, the cumbers of segments on the rn apse tive ; cam-bear log 
steamers being prime to one another* 

?. In r cryptograph, « keyboerd comprioinp character elements 
and corresponding signaling elements electrically Interconnected there- 
with) means oonprialng a sat of Juxtaposed, rctatnblo commutators for 
varying the oonnectiono between the keyboard elements and field signal- 
ing elements j a aet of commutator stepping msehanisrae corresponding 
in number to the number of said coawutRtore ) a sat of contact levers 
and associated contacts controlling; the operation of said aomutator 
stepping moehnnl ms j rotatable can-bearing mambera for operating said 
contact lovers j and m#ans for angularly displacing said cea-baering 
members upon anoceaslva depressions of the keys of said keyboard. 



a, .U mechanism of the character described In Claim ? in 
which tbs number a of [oaira^ 0 * the respeotiva oem-beering members era 



prime to one another. 



9. Zn a cryptograph of the character described, the combination 

. : r J 7 . 

of [eleotrioally Isolated keyboard elements and signaling oloaente j a oat 
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Of Juxtaposed, rotatable commutators for varying the relationships, 
between the Uo sets of elements j a series of commutator stepping; 
mechanisms far displacing the respective commutator# in e stepwiee 
manner ; e set of cea-bearing members for controlling the commutator 
stopping sis oheniscifl to sffeet the stepwise displacements, of the oea» 
mutators in a pernutetiye manner | end maene for effecting stepwise 
displacements of said ceo-bearing member e. 



10, In a cryptograph of the character described, the 
oOffibi cation of electrically interrelated keyboard elements and Si gnal ing 
•laments ; e sat of juxtaposed rentable ooamutatora for varying the re- 
lationship betwoen the two sets of elements j a eat of ecsantetor stepping 
meehanieaa for dieplnoing the respective eexunutetore In a stepwise Benner} 
end a plurality of rotatable cem-beartng members for collectively controll- 



ing the ooomutetor stepping Rschaalcma to effect the etepwice dleplsee- 



mante of the oownuietora in a pc rnu t at ive> manner* 






11* a mechanism of the character described, eomprioing a 
set of elssHWts constituting a keyboard, and a set of eisreents constitut- 
ing a signaling bank, said sets of ®1 scant a being elootrioally Interrelat- 
ed} a set of juxtaposod, rotatable switching devices for varying the 
electrical relation between the two sets of elements ; end nuens for 
effecting stcpKieo displacements of the switching devioes in an Irregular 
Banner, said aoens including a set of rotatable eam-benring meraberecon- 
trolling the etapwiee displacements of the switching devtoes. 
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12. In combination a set of character elemcmte constituting * 
keyboard; a switch individual to each element and operable thereby { • 
corresponding number of translating devioea operable by said eleoanta j a 
wiring oyuteea interpooed between an id switches and said translating device* 
rendering available a multiplicity of electrical paths between said switches 
and Mid dovlcoa; and manna acting In response to each key operation for 
selecting a group of said paths, said Inst named means comprising a sot of 
eontaet levers end ©aaocietpd contacts, and a plurellty of rotatable cao- 
bearing members angularly dieplacenblo In response to e«oh key operation 
for controlling aa id levers end contacts, tha numbers of ^canolon the re- 
spective osm-bearlng members being prime to one another. 



13. In combination a act of character elomenta constituting ft 
keyboard) ft switch individual to each element and operable thereby; a 
corresponding number of translating devices operable by said elements t ft 
wiring system lntoxpoaed between said switches and said translating device* 
rendering available a multiplicity of electrical paths between Mid owitohes 
end sold devices whereby each switch may become associated with any one of 
ft plurellty of said translating devices, said system comprising adjustably 
movable connectors whereby the wiring system may be given on initial setting 
providing one electrical path for each switch; end means operable I in respect 



to etoh key operation for changing such setting, Mid last-named mean* com- 
prising* set of cam-bearing members angularly displaceable in response 
to individual key operation, a aet of contact levers and associated eontecte 



Operated by said cam-bearing members, said contact levere end contacts 
controlling the association or each said switch with any one of said plurality 
of translating devices. 



